METHODS
The simplest method of isolating a specific phase from a Salmonella strain is to plate the culture and examine the resulting colonies by slide agglutination with specific and non-specific serums. Such a procedure is quite satisfactory in strains which produce a relatively large percentage of specific colonies, but is most laborious and quite likely to result in failure when the culture under examination produces very few specific colonies. Scott (1926) and Bridges and Scott (1931) isolated specific phases from stubbornly non-specific cultures by cultivating them for several generations in broth containing antiserum derived from the non-specific phase. After this treatment, specific colonies appeared on plate cultures. Wass6n (1935) described a method for the separation of specific and non-specific phases which was based on the immobilizing effect of homologous immune serum. Filter paper impregnated with the appropriate serum was placed in semisolid agar and the medium inoculated at a point somewhat removed from the paper.
The migration of the homologous phase was checked at a distance from the paper, while the heterologous phase approached more closely. This method was improved and simplified by Gard (1937) , who added the immune serum directly to semi-solid agar and inoculated the medium by stabbing. The growth of the homologous phase was confined to the line of stab while the heterologous phase diffused through the medium. This modification was used by the writers. The details of the method are as follows: Approximately 5 ml. of the semi-solid agar of Jordan, Caldwell and Reiter (1934) was placed in tubes having a diameter of 11 mm. After sterilization, the medium was cooled to 450C. and sufficient sterile agglutinating serum derived from the Kunzendorf type added to give a final concentration of 1 to 1200. The serum had a titre of 1 to 5000 for the homologous strain. The concentration of serum must be gauged rather carefully since too little fails to confine the growth of the homologous phase to the line of stab, while too large an amount of serum immobilizes both phases through the action of somatic agglutinins. The agar containing the non-specific serum was inoculated by a single stab at one side of the tube. A heavy line of growth appeared along the line of stab and if organisms existing in the specific phase were present they grew out through the medium, forming protuberances from the line of inoculation. By fishing from the protruding growth and reinoculating into the same medium the specific phase was obtained. At times it was necessary to transfer the culture in this manner several times before the non-specific phase was eliminated. It is helpful to transfer the culture to an agar slant also, each time it is transferred in semi-solid agar. Growth from the agar slant can be tested by slide agglutination with specific and non-specific serums, thus enabling the worker to judge the status of the culture at each transfer.
RESULTS
The Binns type of Schtitze (1920) was described by White (1926) as a totally non-specific variant of Salmonella typhimurium. It was found by Edwards (1936) to be diphasic. The specific phase of the orignal Binns strain was demonstrable only with the greatest difficulty by ordinary plating methods and by growth in non-specific antiserum broth. Therefore, it offered an opportunity to compare the efficiency of those methods with that of the Wassen technique. When the Binns strain was inoculated into the semi-solid agar containing non-specific serum, the whole tube of agar was turbid after over-night incubation. It was first thought that the concentration of serum was insufficient to confine the non-specific phase to the site of inoculation. However, when organisms were fished from the side of the tube opposite the line of stab, they were found to represent the specific phase and failed to agglutinate with non-specific antiserum. On the second transfers the migrations from the site of inoculation were much more pronounced and on the third transfers the specific phase was isolated from both strains. These specific phases were agglutinated to the titre of specific S. cholerae-suis antiserum, were not flocculated by non-specific serums and were able to absorb completely the floccular agglutinins from specific S. cholerae-suis antiserum. In addition to the two cultures described, specific phases were also isolated from 6 other Kunzendorf strains. The Voldagsen type of Dammann and Stedefeder (1910) was demonstrated by White (1926) to be the monophasic non-specific variant of Bacillus typhi-suis of Glisser (1909) . Serologically, it is identical with the Kunzendorf type but differs in its very delicate growth on artificial mediums and by its rapid fermentation of arabinose and trehalose. The only strain of this type available was the Dammann strain of the National Collection of Type Cultures of Great Britain. Four tubes of semi-solid agar were inoculated with the culture. After 48 hours incubation one of them exhibited evidence of phase variation. After four transfers, subcultures from this tube yielded the specific phase. It was agglutinated to the titre of specific S. choleraesuis antiserum and was not flocculated by non-specific serums.
The Berlin type was described by Kauffmann (1929) as a totally non-specific variant of the Thompson type of Scott (1926). Gard (1937) recorded the isolation of specific phases from Berlin cultures. Four cultures were available for study, 3078 of the National Collection of Type Cultures of Great Britain and three cultures received from Dr. Kauffmann. The specific phase of culture 3078 was isolated after three transfers in semi-solid agar. The remaining three cultures behaved as did the Binns strain, the specific phase clouding the whole tube on the first transfer in the semi-solid medium. The specific phases were flocculated to the titre of specific Thompson antiserum but were not agglutinated by non-specific serums. The specific phase of the Berlin type removed all agglutinins from specific Thompson antiserum.
The Puerto Rico type was described by Kauffmann (1934) as a totally non-specific variant of the Newport type. Only one culture, the strain originally studied by Kauffmann, was available. When it was inoculated into semi-solid agar the non-specific phase spread through the medium and no specific components could be isolated. The amount of serum in the medium was then doubled and the specific phase was isolated without difficulty. The specific phase was flocculated to the titre of specific Newport antiserum, did not agglutinate with non-specific serums and removed all agglutinins from specific Newport antiserum when used in absorption tests.
DISCUSSION
The demonstration of specific components from cultures of all the so-called monophasic non-specific varieties of Salmonella makes extremely doubtful the existence of a true permanently and totally non-specific strain. The presence of specific phases in the organisms under discussion renders it no longer necessary to include the Binns, Voldagsen, Puerto Rico and Berlin varieties in the classification of the genus Salmonella. They are identical with Salmonella typhi-murium, Salmonella typhi-suis, the Newport type and the Thompson type respectively. The Kunzendorf type is serologically identical with Salmonella cholerae-suis but differs in its biochemical activity.
The technique of Wass6n is far superior to other methods generally used for the isolation of specific phases from stubbornly non-specific races. Kauffmann (1936) discovered that the typhoid bacillus, which was long regarded as a monophasic organism, actually displays alpha-beta phase variation. It seems quite possible that by the use of this method other supposedly monophasic specific species may be found to exhibit phase variation.
